Grafting is one of the most widely used methods for vegetative propagation, particularly for multiplying trees considered important, but there has been little research done on the effect of hybridization on grafts from the genus Pinus. Sometimes hybrids show the ability to reproduce and adapt efficiently to the environment. However, they reduce the genetic gain of seed orchards. The objective in this research was to evaluate the effect of scion grafts from pure species donor Pinus engelmannii Carr. and from putative hybrid trees P.
(1) 239 Where: p(x i ) is the probability of occurrence of an event to be evaluated (in this case the survival 240 of grafts) of the response variable, which is inversely proportional to an exponential function 241 elevated to the sum of the intercept α and n predictors x. The Logit model works with 242 dichotomous (dummy) and discrete variables. Likewise, the adjustment of the Logit model 243 generates estimators of the β coefficients for the predictors; if the value of the estimator is 244 positive, the probability of occurrence of the successful event (p (x i )) increases when the value of 245 the respective independent variable (x i ) increases by one unit, and if the estimator is negative, the 246 probability of the successful event decreases by increasing the value of the independent variable 247 by one unit (Kleinbaum & Klein, 2002) . 248 Furthermore, the Logit model generates the odds ratio that allows determining the probability of 249 occurrence of the event to be evaluated (survival rate) (Bland & Altman, 2000; Kleinbaum & 250 Klein, 2002; Aedo, Pavlov & Clavero, 2010) . The equation to calculate the odds ratio is:
(2) 251 Where p(x 1 ) is the probability of the occurrence of the graft survival event with hybrid donor tree 252 scions and p(x 0 ) is the probability of graft survival with pure species donor tree scions. The 253 interpretation of the odds ratio is always relative, since its value is dimensionless and is obtained 254 by dividing the product of multiplying the probability of graft survival with hybrid tree scions 255 (p(x 1 )) by the probability of graft mortality with pure species tree scions (1-p(x 0 )), divided by 256 the product of multiplying the probability of graft survival with pure species tree scions (p(x 0 ) by 257 the probability of graft mortality with hybrid tree scions (1-p(x 1 )) (Bland & Altman, 2000; 258 Kleinbaum & Klein, 2002; Aedo, Pavlov & Clavero, 2010) . 259 To calculate the odds ratio, the most successful treatment of the event to be evaluated is used as a 260 reference; that is, if the odds ratio of survival is desired to be obtained, the first factor of the 261 numerator (Eq. 2), will be the p(x i ) of the treatment with the highest proportion of living 262 specimens, which in this study was the graft of hybrid tree scions (x 1 = 1), that is to say p(x 1 ) and 263 therefore the first denominator factor will be p(x 0 ), which is the proportion of live grafts coming 264 from the other treatment (pure species tree scions). 265 However, the odds ratio can also be calculated in another way, through an operation that 266 involves the relative frequencies of the living and dead specimens of each treatment under study 267 (Eq. 3) (Kleinbaum & Klein, 2002).
=
(3)
269 Where: a is the relative frequency of hybrid tree scion grafts (x 1 =1) that are alive at the end of 270 the evaluation period and c is the relative frequency of pure-species tree scion grafts (x 0 =0) that 271 are found alive at the end of that period, while b and d are the relative frequencies of dead grafts 272 of hybrid tree scions (x 1 =1) and pure species tree scions (x 0 =0), respectively. 273 In the study, graft survival was considered as the event to be evaluated. To evaluate it, dead 274 grafts were coded with zero (0), while live grafts were coded as one (1), in order to obtain the 275 odds ratio of the most successful treatment (survival) and contrast it with the treatment of least 276 survival. In the case of the variables referring to the type of scion donor tree and the scion 277 position in the donor tree crown, the following dichotomous coding was used: grafts with pure 278 species tree scions (0) and grafts with hybrid tree scions (1); grafts with scions from the upper 279 third of the crown (0) and grafts with scions from the middle third of the crown (1). 290 Where: In(T) is the natural logarithm of the average time (T) in which it is estimated that there 291 will be at least one mortality (failure) event among the evaluated variables (live grafts), α is the 292 scale parameter, δ it is the coefficient of the explanatory variable, which in the AFT model is 293 known as the "acceleration factor", σ is the shape parameter of the model and ε is the error of the 294 distribution function (George, Seals & Aban, 2014). All these parameters were estimated with 295 the "survival" library of the R program (R Core Team, 2013) . In the AFT model, if δ <0 the 296 survival time decreases due to the effect of the variable x, if δ = 0 the effect of x is constant, so 297 the survival time does not increase or decrease due to the effect of any change in the value of the 298 variable x, and if δ>0 the survival time increases due to the effect of the variable x. To interpret 299 the value of δ linearly, it is necessary to apply this coefficient as an exponent, that is, e (δ) (Qi, 300 2009). It is important to mention that if δ <0 the value of α increases, and if δ> 0 the value of α 301 decreases, keeping the value of σ constant in both cases. Therefore, the effect of the predictor 302 variable x is multiplicative (logarithmic) on the time scale, so it is said that this model accelerates 303 (increases or decreases) the estimated average survival time of the specimens studied up to time 304 T, which depends on the effectiveness or ineffectiveness of the treatments evaluated. Said time T 305 is always longer than the duration of the evaluation (Carroll, 2003; Ghorbani et al., 2016; 306 Zhang, 2016) . On the other hand, it is also necessary to apply the exponent "time" T (e (T) ) to 307 obtain a linear result of the estimated survival time after the graft evaluation period. 308 In addition, this study allowed adjusting the Weibull risk function to estimate the probability of 309 occurrence of negative events (graft mortality). To make this adjustment, the "SurvRegCensCov" 310 library was used, which allows transforming the AFT model into the Weibull risk function, 311 which is defined as:
312 Where: h(t) is the risk function, λ is the model form parameter (λ> 0), γ is the scale parameter (γ> 313 0), β is the explanatory variable coefficient, which can take values between positive and negative 314 infinity (Carroll, 2003) . Finally, t is the average elapsed survival time in which graft mortality 315 events occurred at some moment within the evaluation period (note that t<T), when the start of 316 the first monthly evaluation is considered as the study origin. The values for the parameters λ, γ 317 and β are estimated with the following equations, that imply the use of the parameters calculated 318 for the above AFT model (Eq. 4):
In turn, the Weibull risk function allows obtaining the risk coefficient or ratio (hazard ratio, HR) 320 of an explanatory variable (x), which measures a specimen's probability of death based on said 321 variable, over a time (t) previously defined by the researcher. If λ> 1 the value of HR increases, 322 while HR decreases if λ <1 (Carroll, 2003; Zhang, 2016) . If the value of the hazard ratio is 1.0, 323 means that the risk of death is equal between treatments; if the value of the hazard ratio is less 324 than one, it means a reduction in the risk of death in one of the treatments, while if the hazard 325 ratio is greater than one, the risk of death increases in one of the treatments (Carroll, 2003; 326 Ghorbani et al., 2016) The HR is determined by the following equation (Igl, 2018):
The parameters β and λ of the HR equation (Eq. 9), are the same parameters calculated for the 328 Weibull risk function (Eq. 5). 329 The Weibull risk function model uses dummy variables to predict the HR. To perform survival 330 analysis on the R platform, the "censored" data is used to indicate living specimens, which are 331 coded with a zero (0) (Pohar & Stare, 2006) . The censored data are those specimens which are 332 alive at the end of the evaluation, and are named that way because it is not possible to know 333 precisely at what time they will experience the death event. Therefore, dead grafts at the end of 334 the evaluation period were coded with a one (1). The donor-tree type (TDT) and scion position in 335 the donor's tree crown (SPC) were coded as follows: Grafts made with pure-species tree scions 336 (0) and grafts made with hybrid tree scions (1); grafts with scions from the upper third of the 337 crown (0) and grafts with scions from the middle third of the crown (1).
Results
PeerJ reviewing PDF | (2019:10:42481:1:1:NEW 11 Dec 2019) Manuscript to be reviewed 339 Survival Rate 340 Figure 3 shows the results of grafts survival during the first four months of evaluation. In the first 341 month after grafting, the survival condition of the scion grafts from the middle third of the crown 342 of hybrid trees was total, while the treatment with lower survival was that of scion grafts from 343 the upper third of the crown of pure species trees with 86.6%. 344 On the other hand, scion graft treatments from the middle third of the pure species tree crown 345 and scion grafts from the upper third of the hybrid tree crown had 90.0% and 93.3% survival, 346 respectively. In the first monthly evaluation no significant differences were found between 347 treatments (p = 0.390). 348 In the second month of evaluation, scion treatments from the upper third of the pure-species tree 349 crown and scions from the middle third of the pure-species tree crown, showed a survival of less 350 than 80%. In contrast, scion grafts from the middle third of the crown of hybrid trees survived in 351 their entirety, while the survival in the treatment of scion grafts from the upper third of the crown 352 of hybrid trees was 93.3%; even so, no significant differences were found (p = 0.126). 353 In the third month of evaluation, survival decreased to 66.6% for both scion treatments of pure 354 species-donor trees; the treatment with the highest survival was that of grafts made with scions 355 from the upper third of the crown of hybrid trees with 93.3%. The survival of the scion grafts 356 from the middle third of the crown of hybrid trees decreased from 100% to 86.6% in the third 357 month of evaluation; however, the four treatments were statistically equal (p = 0.128). 358 Survival decreased in the four treatments in the fourth month of evaluation, when the best 359 treatment was that of scion grafts from the upper third of the crown of hybrid trees, with survival 360 at 86.6%, however, the treatments continued without showing significant differences (p = 361 0.132). 362 Five months after grafting, survival varied from 86.6% to 13.3% among the treatments 363 evaluated, with significant differences after the Bonferroni correction (p < 0.0083) between 364 treatments. The grafts with better results occurred in the materials with hybrid tree scions ( Fig.  365 4) . In the two treatments where the effect of the position of the scion in the crown of the hybrid 366 donor trees was separately evaluated, the results were statistically the same. On the other hand, 367 the successful sprouting of the graft achieved with hybrid scions taken from both positions of the 368 crown, was statistically superior to the grafting performed in the two treatments in which pure 369 species donor tree scions were used. Significant differences were not found (p > 0.0083) when 370 the comparison was made just between grafts made with scions taken from the two crown 371 positions of pure species donor trees (Fig. 4) . 372 Pearson's correlation test and stepwise regression to adjust the Logit and Weibull models 373 A Pearson's correlation test indicated that there is highly significant collinearity only between the 374 height of the rootstock and height of the graft, so it was decided to exclude the rootstock height 375 variable in the adjustment of the Logit and Weibull models and include graft height, since the 376 literature on Pinus grafts indicates that this last variable influences survival (González-Jiménez et 377 al., 2017). However, the stepwise regression applied to select variables to adjust the Logit and 378 Weibull models, indicated that none of the graft variables was useful to describe the probability 379 of survival significantly and not affected the probability of graft mortality (Table 2) , since the 380 only predictor variable that showed significant effect was the type of scion's donor tree. 381 Odds ratio for graft survival according to the Logit model 382 It was found in the Logit model that the intercept and the coefficient of the variable "type of 383 scion donor tree" were highly significant (p ≤ 0.0001) after the Bonferroni correction, in terms of 384 the mortality of Pinus engelmannii grafts (Table 3 ). The probability p(x i ) of graft survival rates 385 for each type of scion donor tree, during the evaluation period, is illustrated in Figure 5 . 386 The probability dispersion diagram (Fig. 5) indicates a different decreasing rate of the probability 387 of graft survival, between the analyzed hybrid trees and pure species trees trough time. In the 388 probability diagram, it is possible to verify that due to the positive value of the β 1 coefficient of 389 the "type of scion donor tree" predictor variable (Table 3) , the probability of survival increases 390 by increasing the predictor variable x i by one unit, that is to say when increasing from x 0 = 0 391 (pure species trees) to x 1 = 1 (hybrid trees). The probability of graft survival with pure-species 392 tree scions (p(x 0 )) was 25%, while the probability of graft survival with hybrid tree scions (p(x 1 )) 393 was 83.3% at the end of the five-month evaluation period. 394 At the end of the evaluation, the number of live specimens were 50 grafts with scions from 395 hybrid-donor trees and 15 grafts with scions from pure species-donor trees; meanwhile, there 396 were 10 and 45 dead grafts with hybrid and pure species tree scions, respectively. The estimated 397 odds ratio (Eq. 3) for the variable "type of scion donor tree" was 15.0, which was obtained with 398 the following operation, which uses the relative frequencies of live and dead grafts by treatment: , 2015) . 539 The graft variables of the scions and rootstocks showed no significant effects on the probability 540 of graft death in this study, as the stepwise regression revealed that none of the graft variables 541 significantly affected graft survival (Table 2 ). This may mean that the survival of grafts from 542 pure species P. engelmannii and P. engelmannii x P. arizonica hybrids is not affected by the 543 diameter and length of the scions and rootstocks, nor by the height and diameter of the section 544 where the graft is tied. On the other hand, significant differences were found only in relation to 545 the type of scion donor tree (Table 1) . 546 However, González-Jiménez et al. (2017) found that, in Pinus leiophylla side-veneer grafts, there 547 was greater success when grafting at a height close to the base of the rootstock (5 to 10 cm) with 548 a 53% survival rate. In another Pinus leiophylla grafting experiment, it was found that when the 549 diameter of the rootstock was larger, the quality and development of the grafts were higher 550 (González-Jiménez, 2017). In future studies, it will be important to use rootstocks and scions of 551 different ages and sizes to conduct studies on the effect of the dasometric characteristics of the 552 rootstocks and scions on the grafting success of P. engelmannii and other species of Pinus. 553 Furthermore, satisfactory results were found in this study in the adjustment of the Logit model 554 and the Weibull risk function to obtain the odds ratio and the hazard ratio respectively, which 555 allowed estimating the graft survival and death probabilities depending on the "type of scion 556 donor tree" variable. It should be noted that the use of survival models in research concerning 557 commercial forest plantations or vegetative propagation of conifers has been very scarce (Sigala-558 Rodríguez et al., 2014) . The only recent work found in this regard is that of Pérez-Luna et al. 559 (2019) , who reported that it was possible to estimate the hazard ratio for grafts with donor tree 560 scions of different ages, with the adjustment of the Cox proportional hazards model. 561 Survival models were very useful for calculating the estimated average survival time of the grafts 562 that remained alive until the end of the evaluation period. Furthermore, knowing the effect of the 563 variables studied through the odds ratio and the hazard ratio will be very useful for decision 564 making in subsequent research. 565 It is advisable to continue investigating the factors involved in the success or failure of graft 566 propagation of Pinus species, at least those of greater economic or environmental importance, 567 with a view to forming asexual and clonal seed orchards. The results obtained in this study can 568 serve as a basis for future work in this area of research.
569 Conclusions 570 The sprouting of grafts on pure species Pinus engelmannii rootstocks was better when using 571 scions from Pinus engelmannii x P. arizonica hybrid-donor trees. By contrast, using scions from 572 the pure species trees increased the probability of death of grafts of this species. The lower 573 survival rate in grafts made with pure-species trees scions was noticeable from the third month of 574 grafting, which may indicate that mortality in grafts with scions of the pure species trees occurs 575 earlier than the mortality of grafts with hybrid tree scions. 576 The position of the scions in the crown of hybrid or pure species-donor trees did not show 577 significant effects on the evaluated treatments. As a result, the success rate may be similar when 578 grafting with scions collected from any part of the tree crown of the analyzed species. 579 Furthermore, the dimensions of the graft variables evaluated in the scions and grafted rootstocks 580 seemed not have influenced the probability of graft survival. 581 The adjustment of the Weibull accelerated failure time model made it possible to predict that 582 there is a greater probability of death when using scions of pure species Pinus engelmannii trees. 583 Adjustment of the Logit model also allowed for obtaining the odds ratio for survival, in response 584 to the aforementioned variable, observing that there is greater success in grafting when using 585 scions taken from hybrid P. engelmannii x P. arizonica trees.
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